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Introduction
Timely information on the condition of the environment in a country, and neighbouring countries, is essential if complex environmental issues, such as water and land degradation are to be overcome. Much of the information on large-scale environmental conditions is from diverse local monitoring procedures that must be synthesised to deal with broader issues (Stevens, 1994) . For monitoring purposes, studies have evaluated and assessed the status and trends of specific indicators of condition to monitor a nation's resources using a classification system (Ernst et al., 1995) ; resource inventory and monitoring programme for baseline data development (Morrison and Marcot, 1995) ; to obtain a more sensitive and representative method for the susceptibility of plant species to atmospheric pollution (Soares et al., 1995) ; and the potential of plants as indicators for monitoring spatial and temporal variations in environmental quality of freshwater ecosystem (Cattaneo et al., 1995) .
The integration of procedures and systems for data management in the environmental laboratory has not yet been realised for laboratories relying on off-the-shelf technology (Shackelford et al., 1991) . Quality assurance and control must be critically discussed in a water resource project. The implementation of quality control programmes must go beyond the field sampling procedures, laboratory standard methods, and both inter-and intra-laboratory tests as regards the modality to develop and maintain environmental and natural resource databases. The available information management technology for the development of the state-of-the-science systems includes relational database management software, spreadsheet utility integrated into the database management software, hypertext, and expert systems (Walther, 1992) . Designers of environmental information systems need to combine these software technologies with graphics in easy-to-use packages (Walther, 1992) .
A phased implementation approach may also be helpful to develop an environmental information system (Fraser and Hodgson, 1995) . The first phase includes traditional elements which form components in the processes of monitoring and assessment. For interpretive work, the identifiable analytical tools include: statistics, modelling, and geographic information system (GIS). A GIS is "an organised collection of computer hardware, software, geographic data, and personnel designed to efficiently capture, store, update, manipulate, analyse, and display all forms of geographically referenced information" (Frizado and Sattler, 1993) . The second phase follows the information flow beyond project reporting, to examine the decisionmaking process. It is necessary to include other forms of knowledge beyond the strictly scientific, where the development of multisectoral decisions have to be made. The third phase stretches the process of decisionmaking to the stage of policy development and implementation. This is achieved by including expert systems as advanced decision support systems, which offer the manager the possibility to test different hypotheses and policy options before commitment (Fraser and Hodgson, 1995) .
With regard to resource issues in both developing and developed countries, the significance of setting achievable and enforceable sectoral criteria and standards for industrial, agricultural, and drinking water supplies can be addressed with respect to both usage and effluent criteria. Also, GIS has become a significant tool in understanding and interpreting large-scale interrelated natural processes. Previously, the use of GIS was constrained by exorbitant costs for hardware, software and personnel. The acquisition of data in digital form was also an inhibiting factor. As costs were reduced, more powerful computers caused a movement of GIS software to the microcomputer/ workstation platform. However, in spite of the decrease in costs for starting GIS, the overall cost and effort for data acquisition and training have not been favourable. A cost-benefits analysis of selected GIS hierarchies revealed that significant savings are achievable by using a "library" approach that is easily accessible to researchers (Frizado and Sattler, 1993 This paper attempts to examine the principles which lead to the exploration procedures to obviate environmental and natural resource degradation, such as water and land, and how to respond to them. A critical tone in defining the magnitude of problems related to environment monitoring and information systems and the enacting of appropriate courses of action requires a universal response. Monitoring provides data on how a certain feature or phenomenon of interest has temporal variation, with specific spatial distribution. A balanced information system that is well-integrated into a country's decision-making process will need to be more active in networks of research and technology that transcend the responsible organizations in the specific country. The systems presented have been selected to make provisions as examples, rather than complete coverage.
Evaluation and assessment of selected environmental parameters
Environmental protection to meet the needs of a rapidly-growing population and a more or less stable population require better development and management of very limited resources, such as water and land. The economic growth of neighbouring countries is seriously threatened by water quality degradation, as well as loss and degradation of agricultural land. These problems have continuously worsened because of increased water pollution, excessive agrochemical consumption, urban area encroachment, and inefficient irrigation practices. Coastal water pollution constitutes a severe constraint that adversely affects the development potential of the tourism and marine resources of several nations. Degradation of air quality prevails in principal cities, and air pollution poses a serious threat to the country's invaluable historic monuments. Several efforts to deal with these environmental problems were, to a certain extent, government initiated. The magnitude and urgency of the problems demand coherent global strategies to end environmental degradation.
The design of an effective environmental monitoring and information system for water resources needs information about:
• the kinds, quantities, sources and distribution of materials entering our environment; • the effects of these substances on biodiversity and various media; • spatial and temporal distribution in concentration and impact, as well as the factors related to the changes; and • the costs, ways and means for the modification of these inputs, concentrations, effects and trends.
i. Land and water resources
It has been generally suggested that economic activities of an increasing world population tend to threaten assimilative environmental capacity, thereby stimulating interest in the concept of environmental carrying capacity. As the dynamics of land transformations promote the augmentation of information technologies such as satellite remote sensing, for a precise view of earth-system processes, the volume of the generated information systems and the high level of expertise necessary to interpret and translate these data are debilitating factors for effective and timely land-management decision making (Lein, 1995) . The maintenance of good water quality is the goal in every surface water source protection programme. Groundwater quality is affected by almost all ubiquitous societal activity, thus making groundwater protection complex, and of both domestic and global importance. The protection of groundwater quality can involve lower costs and be less cumbersome than the restoration of an aquifer that is already polluted (Lynch et al., 1994) . A steady evolution is extant in procedures for designing systems to obtain information on the behaviour of environmental water quality (Ward et al., 1990) .
This evolution commenced with sitespecific efforts to obtain information to address specific problems and later increased in scope to involve large domestic, regional and global organizations to assess water quality behaviour within their jurisdictions. The knowledge being acquired is made available as publications in separate research subject areas. In instances of groundwater contamination (and other environmental media) legislative process must be in placeeither applying remediation, but at the minimum isolating the source of contamination, or use-oriented minimisation of damage after an assessment of the risk potential. A proper measure for these actions is to explore areas of probable contaminations or to investigate accidents of the discharge of contaminants.
Since exploration and assessment are strictly dependent on measurements, it is necessary that the site-specific, usually-tiered investigation programme make provision to collect representative water samples -those which reflect the extant contamination of the contaminated aquifer. Usually, errors and weak points in the exploration of groundwater contamination constrain effective or, even, remediation efforts. These shortcomings may arise from conceptual and technical inadequacies, administrative inefficiencies, as well as insufficient interpretation and assessment of observation data. This necessitates proper quality assurance and monitoring of success in the field of consulting and assessment. A computerbased information system could be pertinent in these explorations to eliminate the weak point in remediation (Toussaint and Bruns, 1995) .
In addition, simulation of groundwater flow and presence of contaminants in the subsurface environment is a major phase of most environmental assessment and site remediation studies; and these provide information on spatial and temporal distributions of contaminants in the subsurface media. This information may be valuable in conducting exposure assessment studies. GIS significantly simplifies the tasks of exposure analysis by providing a platform in which layered, spatially-distributed databases are easily manipulated because spatial and temporal distributions of both chemical concentrations and exposed populations may cause difficulty in the task of integrated exposure analysis (Maslia et al., 1994) . Geographically-related information is required for several components of an integrated ground water quality management programme, such as ground water monitoring planning, prioritisation of pollution sources, use of permits and inspections for source control, and planning and completion of remedial actions. These elements can be reinforced by GIS, combined with delineation of well-head protection areas, prioritisation of extant contaminant sources and evaluation of proposed changes in land usage.
The GIS technology makes provision for the analysis and visualisation of spatial data. Linking GIS with contaminant/source prioritisation provides a strategic tool for planning targeted groundwater monitoring programmes, identifying proper management or mitigation efforts, minimising the introduction of contaminants from extant sources into the subsurface environment, and evaluating the potential of proposed land use activities which cause contamination of groundwater. GISs provide current information for policy makers, planners and managers involved in the decision-making relating to groundwater quality (Canter et al., 1994 ).
Also, multi-level pesticide assessment methodology has developed for varied assessments on the potential for pesticide used in agricultural areas to contaminate the groundwater regime at an expansive geographical scale: provision is made in assessment for the limitations on available and accurate data, the available time for the assessment, and the expertise of the decision maker (Crowe and Booty, 1995) .
At level 1: regional scale is designed to prioritise areas with potentially high risk for groundwater contamination from a particular pesticide applied for a crop.
At level 2: local scale identifies critical areas for groundwater contamination, at a soil polygon scale.
At level 3: the soil profile scale evaluates specific factors affecting pesticide leaching and persistence, determines the magnitude and timing of leaching, through the simulation of the transportation of a pesticide within a soil profile. Due to the scale of investigation, limited amount of data needed, and qualitative nature of the assessment results, the level 1 and level 2 assessments provide for fast and expansive guidance pertinent to management practices. Conversely, a level 3 assessment is more complex, demands more data and expertise, and thus, is designed for the verification of the potential for contamination identified during the level 1 or level 2 assessments. The system combines environmental modelling, GISs, extensive databases, data management systems, expert systems, and pesticide assessment models, for an environmental information system to assess the potential for pesticides to contaminate groundwater (Crowe and Booty, 1995) . Moreover, investigation of fertiliser and pesticide effects on groundwater and chemical transport modelling in groundwater may be feasible.
Monitoring the pollution status of water and land using suitable fauna or flora, and the possibility of observing the heavy metal and nutritional status of the environment has been intensively discussed for over three decades. It is important to determine the real effectiveness and usefulness of methods for identifying a monitoring plant species (Chukwuma, 1993) . Data acquisition using a welldefined monitoring programme concerning the temporal and spatial distributions of heavy metal-contaminants in plants is required on a local, national, or regional scale. It is more reasonable to use more than an individual plant or animal species for monitoring (indication). More species are needed to buffer both environmental, social and biological factors, as well as to allow for statistical procedures. Within a group of species, there will be different reactions due to climatic and edaphic factors. The average reaction may not follow a prescribed principle or fast rule. Any single species is a measure of the conditions in which it is growing and of those of other organisms in the same aquatic environment, as well as a perception of soil and climate. 
ii. Air pollution and climate
Global focus has been on pollution problems, and in several countries the response has been to rectify the pollution damage. Instances abound of major pollutions which are causes of concern involving air, land, aquifers, seas and cities. A major air pollution problem, especially in urban environments, emanates from vehicle emissions. Lead, hydrocarbons, and other toxic chemicals can be generated by heavy traffic in significant amounts to endanger the flora and fauna along major highways, with subsequent water pollution.
The protective function of the forest ecosystem for groundwater is massively damaged because of acidifying atmospheric pollutants. Increasing forest damage (resulting in desertification) and acidification of soil and groundwater definitely result in severe ecological perturbations in water management, for both developed and developing countries. It is necessary to determine the extent research has categorised the forest ecosystem into levels of endangering soil and groundwater by the potential infiltration of atmospheric pollutants, especially with respect to acid formers.
A qualitative and comparative evaluation of the sensitivity of groundwater and the potential level of infiltration with pollutants is necessary in this regard (Burde et al., 1994) . A significant problem in environmental planning is variety of data that must be taken into consideration before reaching a decision. Commonly, different data are drawn into various maps, and later manually merged into a unified map to obtain more pertinent information. Development of an expert system has been used to derive decision-related conclusions from multiple attributes of each area of a digital map (Burde et al., 1994) . The user interface is designed for the needs of environmental planners, and permits rules to be entered which define relationships between the attributes. All required data is managed by the GIS, to which the expert system has an interface.
iii. Tourism and coastal management
Governments need to be concerned that tourism earnings will not be sustained if the initial attractions are degraded by inappropriate developments. Increasing pressure for both the protection and expansion of coastal and marine resource utilisation demands effective management of these dynamic environments. Unfortunately, the long-term data needed for ecologically-sustainable decisions is often not available, supporting the importance of effective baseline monitoring programmes.
Coastal ecosystems, including those with natural areas, are recipients of a great proportion of water flowing off a country's land mass. Waste loads and use of the terrestrial surface increase in proportion to human population growth. Changes in land use culminate in alterations of land cover, and these affect water quality and, subsequently, the habitats and living resources of coastal and estuarine areas (Thomas, 1995) . Anecdotal information on the cumulative effects of land cover and alterations in land cover on these habitats and the resources are constraints in the proper management of landscape activities. In certain parts of the world, human population in the coastal areas is increasing.
The ability to monitor resultant changes in land cover and habitat change must be simultaneous with the alteration. Remote sensing is an important element in monitoring largescale changes in land cover in a synoptic, relatively inexpensive and dependable way. An assimilation of such information GIS, and integration with transport and processoriented models, would allow the possibility to relate land cover and changes in land cover (i.e. development in the coastal zone) to effects on living marine resources; it also would allow proactive, and not merely reactive, responses to continuing degradation and dissipation of coastal and estuarine habitats and living marine resources in both developed and developing countries.
Moreover, coastal management issues, such as sensitivity analysis, habitat modelling and pollution monitoring necessitate fast and pertinent decisions. As a sophisticated tool for decision-makers, GIS encompasses varied alphanumeric and graphic data, as well as remotely-sensed imagery. In addition, current technological developments in artificial intelligence and expert systems have created opportunities for advanced GIS applications. However, due to the exorbitant costs of the necessary hardware and software, as well as the necessary high level of technical expertise to operate these advanced systems, such developments make GIS out of reach of resource managers and scientists. The need exists to provide simpler and relatively cheap GIS for coastal resource management, particularly for developing countries. GIS needs to be developed within an effective data manage-Chrysanthus Chukwuma, Sr Development and implementation of environmental monitoring and information systems for water resources Environmental Management and Health 9/4 [1998] 153-159 ment infrastructure that is responsive to the dynamic nature of modern databases, with provision for a decidedly well-informed decision-making process (Ricketts, 1992) .
Current advances made in the numerical modelling of coastal regions give latitude for more complete and realistic management systems for these regions. Such systems need to consider chemical and biological processes, as well as legislative and other social constraints (Abbott et al., 1991) . The first part of such a management system consists of all facilities for monitoring and data acquisition. Platforms for the modelling systems are hydrodynamic stages which provide surface elevations and current speeds over the entire model area; water quality and sediment transport usually follow, depending on the sort of study. In a coupled analysis of the results of the modelling and field data, as registered in a central database, the management system normally checks the status, for example, of the ecological state in the aquatic area. In addition, it regularly checks the predictions of the various computational modules against the real field measurements. This checked modelling system predicts the effects of current operations and management practices, and monitors the environmental impacts of planned anthropogenic activities on the future state of the particular aquatic environment (Abbott et al., 1991) .
Principles of donor-related assistance in water resources development
Water development co-operation is based on the principle that the donor country allows the recipient country to take responsibility for its own development and the subsequent implementation of the projects. The role of the donor country, in both theory and practice, is to support the implementation and build and strengthen the necessary capabilities in the recipient country to function in a sustainable manner. However, participation in the projects necessitates adequate knowledge of the political, cultural, social, economic and administrative conditions of the recipient country and experience in comparable projects. These may assist all institutions concerned to efficiently and effectively carry out environmental monitoring and information system management in the recipient country. It has also been suggested that external inputs and interventions could be of benefit or loss in developing co-operation, if indigenous factors are not adequately taken into consideration (Raheem, 1997) .
Donor countries may make provision for: • implementing a training-of-trainers programme for environmental monitoring and information system management;
• preparing guidelines and manuals;
• workshops and seminars;
• rapid political, social, economic and administrative changes in developing countries; and • more flexible policy in the choice of development co-operation partners.
The overall objective of the water development project must, inter alia, be to increase the availability of safe water, monitoring and evaluation, institutional building and strengthening, identification and eradication of logistic constraints, and water resource management. In both developed and developing countries, water is relevant in agricultural production, rural sanitation and household chores. The problem facing most developing communities is the provision of adequate water supply for the inhabitants. The main obstacles to the attainment of adequate water supplies are low levels of technology and limited financial resources. These constraints can be overcome by the necessary political will, good leadership, commitment and dedication of all concerned (Daily Times, 1997). Therefore, for environmental monitoring and information systems within and between neighbouring countries, comparative data on extant water resources must include:
• the source of a country's water requirements; • the extent to which untreated urban and industrial effluent is resulting in health derangement of the population dependent on it; • the extent to which water pollution is contaminating drinking water sources, promoting pathogenic bacteria and parasite growth, as well as contaminating several food and fish; and • the extent productivity of agricultural land is affected by salinisation and water logging.
Discussion and conclusion
Current information needs of environmental and natural resource management programmes, which are placed on monitoring systems for pollution control programmes, were designed and implemented years ago. A monitoring system design can be suited to a framework that allows a more organised and systematic approach to the tasks involved, wherein there is emphasis to specify the desired information and to identify appropriate statistical methodologies. Consistent operating procedures are needed for actual data representation of the variability of environmental quality, rather than sampling variability. There is the assumption that the presentation of a "framework" for design means that such systems can specify every attribute absolutely. It is necessary to have a systematic approach to monitoring system design and still maintain flexibility in design and implementation. Water quality monitoring is unable to deal with all information needs using only one data collection procedure. The goals and procedures for designing water quality monitoring programmes need to focus on expansive information needs, such as the assessment ability of trends and environmental effects, determination of compliance with objectives and standards, estimation of mass transport, and performance of general surveillance (Whitfield, 1988) . Each of these information needs has varied data requirements. A pertinent strategy for the development of a sampling procedure at a monitoring site may be as follows: 1 establishment of monitoring goal; 2 selection of appropriate sampling plan; 3 periodic review of data for the evaluation of adequacy of the sampling plan; and 4 revision of sampling as feasible (Whitfield, 1988) .
The designer or operator of an environmental quality monitoring system possesses a great amount of information on specific aspects of monitoring, but the direct link of all the extant design and operational information is not clear. It is still not clear how monitoring tasks are to be connected so that the end product meets the information needs of management. In the presentation of design approaches, designers or operators easily become enmeshed in statistical details, without expending sufficient time on the more difficult task of explaining the information context of statistical applications (Ward et al., 1990) . The free flow and transfer of current scientific information, expertise and experience must be supported, assisted, encouraged and recognised to facilitate solving of environmental problems. Environmental and developmental technologies must be made available to developing countries on favourable and conducive terms, to encourage their extensive dissemination, without constituting an undue economic burden to developing nations (Chukwuma, 1996) . Regulatory and legislative requirements for record-keeping and reporting, as well as the penalties for noncompliance must be strictly enforced in developing countries. For this to be effective, pertinent industries, organizations and governments must computerise environmental data. The need exists for the development of an encompassing strategic environmental plan that includes a plan for the management of environmental information, such as sharing common data, access to environmental information, ability for various information systems to exchange data, and a procedure for auditing the management of environmental information (Walther, 1992) .
To stem further deterioration of the environment and natural endowments and to establish an acceptable state of water resources for the future, several developments and changes need to be made in each country's information and monitoring, economic, legal and educational systems. Achievement of success in protecting a country's water resources depends on establishing sustainable relationships between countries and their respective neighbours to an extent never previously experienced.
